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Abstract—We demonstrated a simultaneous CD and OSNR 
monitoring method for NRZ-OOK signals by employing the 
delay-tap sampling and image processing techniques. The 
monitoring ranges of OSNR and CD are 14-30 dB and 0-1275 
ps/nm, respectively.  
Keywords: optical performance monitoring; delay-tap 
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I.  INTRODUCTION  
Optical performance monitoring (OPM) is an important 
function in high speed and dynamic reconfigurable optical 
network systems. Many OPM techniques have been 
proposed to monitor a single optical transmission system 
parameter such as optical signal-to-noise ratio (OSNR), 
chromatic dispersion (CD) and polarization mode dispersion 
(PMD) [1-3]. Since the performance of an optical 
communication system is often decided by a combination of 
system parameters, it is essential that a technique can be 
developed to monitor more than one parameter 
simultaneously. Delay-tap sampling technology has been 
widely used in the OPM tasks that enables multi-parameter 
signal monitoring [4-6]. It employs a tap delay line to sample 
the time domain signal twice during one sampling process. 
Although the signal waveform change can be reflected by the 
scatter plots using the sampled data, the monitoring results 
are limited to qualitative analysis. Schemes have been 
proposed to quantify the monitoring results using pattern 
recognition and artificial neural network but large amount of 
data and calculation for initial training are needed [7]. In this 
paper, we employ image processing technique in dealing 
with the delay-tap sampling results. This method is based on 
relative measurement so it is not influenced by the power of 
the received signal and can avoid vast calculation for 
training. Not only quantitatively results can be obtained but 
also simultaneously CD and OSNR monitoring can be 
realized.  
II. PRINCIPLE 
A. Definition of OSNR 
The conventional definition of OSNR with a 12.5 GHz 
noise bandwidth is given by [8] 
                                                                                
                  
(1) 
where B0 is the noise equivalent bandwidth of the optical 
channel which is determined by the optical bandpass filter. Ps 
and Pn are the total power of the optical signal and the ASE 
noise within the optical bandwidth B0. In-band OSNR is 
often difficult to be measured directly but can be decided 
indirectly from electrical signal-to-noise ratio (SNR). The 
electrical SNR is mainly dominated by the signal-
spontaneous beat noise generated at the photodetector. If we 
include only this dominant contribution, the electrical SNR is 
related to OSNR by [9] 
                           
(2) 
Bo is the bandwidth of the optical filter and Df is the 
electrical noise bandwidth of the receiver. If we can measure 
the electrical SNR, then the OSNR can be obtained. 
B.  Delay-tap sampling and image segmentation 
Delay-tap sampling method was proposed recently. This 
method employs a delay-tap line to sample the time domain 
signal twice in a single sampling process. A pair of data can 
be obtained from the same or the adjacent data symbols. 
Using x and y to represent the first sampling point and the 
second sampling point, a two-dimensional scatter plots can 
be constructed using the data pair (x, y) for X axis and Y 
axis. Because the data pairs are from the same or adjacent 
pulses, the scatter plots can reflect the pulse shape change 
caused by the system impairments through its unique 
characteristics.  













Two-dimension scatter plots can reflect the pulse shape 
change and noise information. Fig. 1 (a) shows the scatter 
plots of NRZ-OOK signal with 1 bit delay when OSNR is 20 
dB. As shown in Fig. 1 (a), the width of all edges increases 
when noise is added to the signal. The y value of the scatter 
points in top edge can be obtained mainly from the flat part 
of successive marks. Since the y value of top and bottom 
edges and x value of left and right edges are obtained from 
successive 0 or 1, so the amplitude distribution is only 
related to noise and is independent of CD. This enables us to 
apply image processing technique for separating the effect of 
   
(a)                                                             (b)                                                               (c) 
Fig. 1 The process of the image processing: (a) delay-tap plots with OSNR of 20dB; (b) the plots after image segmentation; (c) the plots after contraction. 
 
   
            (a)                                                              (b)                                                            (c) 
Fig.2 (a) The scatter plots with CD of 680 ps/nm and OSNR of 20 dB; (b) segmentation results; (c) the plots after image contraction. 
noise and CD. Here to the best of our knowledge, image 
segmentation technique is employed for the first time in 
OPM monitoring area. Image segmentation is useful in many 
applications for identifying regions of interest in a scene. 
Here, the JSEG algorithm [10, 11] is used to analyze the 
delay-tap scatter plots. By applying the segmentation 
technique to the image, we can obtain the contour of the 
interested region of the plots as shown in Fig. 1 (b). Then we 
can calculate the average value of the edges and shrink the 
edges to the average value. Finally, the noise free scatter 
plots are recovered as shown in Fig. 1 (c). Top and right edge 
is broader than bottom and left edge since the signal-
spontaneous beat noise is the dominant term. The square of 
mean value and variation of the top or right edge are 
calculated to represent the signal and noise power level. 
Then the OSNR can be calculated by equation (1) and (2).  
CD causes the pulses to broaden so the rising edge and 
falling edge become less steep. Fig. 2 (a) shows the scatter 
plots with 680 ps/nm CD and OSNR of 20 dB. The diagonal 
bends to origin since the CD mainly affects the rising edge 
and falling edge. The flat part of successive 0 or 1 bits is 
nearly maintained with the increase of CD. The proposed 
method is used to remove the noise first and then the clean 
scatter plot with bending diagonal is obtained as shown in 
Fig. 2 (c). The linear function y=x is divided by the diagonal 
as shown in Fig.1 (c) and Fig. 2 (c). d1 is the distance from 
origin to the diagonal and d2 is the distance from the furthest 
point to the diagonal. Thus the change in the values of d1 and 
d2 represents the change in CD value. To obtain the relative 
measurement result, a variable DR is defined by calculating 
the ratio of d2 over d1: 
                                                                      
(3) 
Since the diagonal bends gradually with the increase of 
CD, the value of DR will increase with the increase of CD. 
Simultaneously monitoring of OSNR and CD can be 
realized. 
III. EXPERIMENT SETUP AND RESULTS 
Fig. 3 shows the experiment setup of the proposed 
scheme for simultaneously monitoring of CD and OSNR by 
using asynchronous delay-tap sampling and image 
segmentation technique. This method does not need clock 
signal and the sampling rate can be very low. The 
effectiveness of the monitoring method was experimentally 
demonstrated for a 10 Gb/s NRZ-OOK system. A tunable 
laser worked at 1550 nm was externally modulated with a 
Mach-Zehnder modulator by a 10 Gb/s pseudo-random bit 
sequence (PRBS) signal with length of 231-1 to generate the 
NRZ-OOK signals. An EDFA and an optical attenuator were 
used to produce different levels of ASE noise to adjust the 






modulated data signal through a 3-dB coupler. The OSNR 
value was adjusted from 14 to 30 dB in the experiment. The 
combined noise and the data signal were amplified by 
another EDFA and then launched into different length of 
single mode fiber (SMF) which was used to introduce 
different amount of CD. The signal was tapped by a 10:90 
coupler for conventional OSNR measurement with an optical 
spectrum analyzer (OSA) while the other signal passed 
through a bandpass filter with 3 dB bandwidth of 0.6 nm. 
The arrived optical signals were detected by a 10 GHz 
photodiode. The electrical output signal was split into X and 
Y channels by a 3- dB splitter. The time delay τ between two 
channels was set as 1 bit period by an electrical delay line 
then the two channel signals were fed into a digital 
communications analyzer (DCA) from Agilent technologies. 
The sampled data were collected from the DCA and 
processed by a signal processing module for the further 
scatter plots construction and image processing. 
 
Fig. 3 Experimental setup for the proposed method. 
Fig. 4 shows the measured OSNR value of 10 Gb/s NRZ-
OOK signals as a function of the OSNR levels measured 
with conventional measurements by linear interpolation. The 
values measured by proposed delay-tap sampling and 
imaging segmentation method agree well with the results 
obtained from the OSA. The monitoring range is from 14 dB 
to 30 dB for NRZ-OOK signal. The results in Fig. 4 indicate 
that the accuracy of this technique is better than 1 dB and 
monitoring range is around 16 dB.  
 
Fig. 4 OSNR measured by the proposed method as a function of the 
reference OSNR measured by an OSA. 
Fig. 5 shows the OSNR independent CD monitoring 
results based on the proposed technique. The monitoring 
range can reach 1275 ps/nm. The distance ratio DR is equal 
to 1 when CD value is 0 ps/nm. The value of DR starts to 
increase with the increase of CD. When the CD is larger than 
1275 ps/nm, the signal delay-tap plots distorted so severely 
and it is difficult to extract the contour of the image. The 
monitoring results for CD when there is no noise added and 
the simulation, experimental results when OSNR is 20 dB 
are plotted in Fig. 5 together for comparison. The monitoring 
results verify that the CD monitoring results are independent 
of OSNR. 
 
Fig. 5 CD monitoring results by using image segmentation and contraction 
technique. 
IV. CONCLUSIONS 
We demonstrated a simultaneous monitoring method of 
CD and OSNR for NRZ-OOK signals base on delay-tap 
sampling and image processing technique. The image 
segmentation method was introduced in OPM for the first 
time to separate OSNR and CD in the delay-tap scatter plots. 
The OSNR monitoring range is from 14 to 30 dB with less 
than 1 1dB error and the CD monitoring range can go up to 
1275 ps/nm. 
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